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ACTION: Notice of policy statement; request for comments.

SUMMARY': Thisdocument announces an FAA genera statement of policy that is
applicable to the type certification process of transport category airplanes. This policy
provides guidance to FAA Certification Teams that will enable them to conduct an
effective review of an applicant’s Human Factors Certification Plan or the human factors
components of a general Certification Plan, when one is submitted at the beginning of a
type certification (TC), supplemental type certification (STC), or amended type
certificate (ATC) project. This guidance describes the sections of a Human Factors
Certification Plan and the information that should be included in each section. The
purpose of the plan is to facilitate the establishment early on of an effective working
relationship and agreement between the FAA and the applicant about the means by which
human factors issues will be addressed during a certification project. Thisnoticeisto
advise the public of FAA policy and give all interested persons an opportunity to review
and comment on the policy statement.

DATES:. Comments must be received on or before [insert a date 30 days after the date of

publication in the Federal Reqgister].

ADDRESS: Send all comments on this policy statement to the individual identified
under “FOR FURTHER INFORMATION CONTACT.”
FOR FURTHER INFORMATION CONTACT: Sharon Hecht, Federal Aviation

Administration, Transport Airplane Directorate, Transport Standards Staff, Airplane &



Flight Crew Interface Branch, ANM-111, 1601 Lind Avenue SW., Renton, Washington
98055-4056; telephone (425) 227-2398; facsimile (425) 227-1100; e-mail: 9-ANM-111-
HUMAN FACTORS@faa.gov.
SUPPLEMENTARY INFORMATION:
Comments|Invited

Interested persons are invited to submit written comments on this policy
statement. Commenters should identify the Policy Statement Number of this policy
statement, and submit comments, in duplicate, to the address specified above. All
communications received on or before the closing date for comments will be considered
by the Transport Standards Staff of the Transport Airplane Directorate.
Effect of General Statement of Policy

The general policy stated in this document is not intended to establish a binding
norm; it does not constitute a new regulation, and the FAA would neither apply nor rely
upon it asaregulation. The FAA Aircraft Certification Offices (ACO) that certify
transport category airplanes and/or the flight deck systemsinstalled on them should
attempt to follow this policy, when appropriate. However, in determining compliance
with certification standards, each FAA office has the discretion not to apply these
guidelines where it determines that they are inappropriate.
Background

Recent aviation safety reports underscore the importance of addressing issues
related to human factors and flightcrew error in system design and certification.
Applicants have demonstrated the effectiveness of using a “Human Factors Certification
Plan” to communicate their proposed approach to the identification and resolution of
human factorsissues. Thistype of plan has been used as a means by which the applicant
and the FAA can establish an early and formal written agreement on the certification
basis, the methods of compliance, and the schedules for completing the certification

project. Thisapproach has helped FAA Certification Teams addressissues as early in the



certification process as possible, thereby decreasing the applicant’s certification risk in
cost or schedule.

An alternative approach to devel oping a stand-alone Human Factors Certification
Plan isfor the applicant to address the human factors issues as part of their genera
Certification Plan. Regardless of whether it is a stand-alone document or not, the trend
has been for applicants to provide some specific information about their plans to address
human factors issues for the certification project.

Because of the proven effectiveness of this type of approach, increasing numbers
of applicants have asked for assistance from the FAA in developing Human Factors
Certification Plans. Given thistrend, the Transport Airplane Directorate has devel oped
this policy to assist FAA Certification Team members in working with applicants who
are attempting to develop Human Factors Certification Plans, aswell asin reviewing
these plans after they have been submitted.

Objective of ThisPalicy

The objective of this policy isto provide guidance for the FAA Certification
Team to use when reviewing the applicant’s Human Factors Certification Plan or the
human factors components of the general Certification Plan during atype certification
(TC), supplemental type certification (STC), or amended type certificate (ATC) project
for transport category airplanes. The policy isintended for use by all members of the
Certification Team, which may include the following:

aircraft evaluation group inspectors,
avionics engineers,

Certification Team project managers,
flight test pilots and engineers,
human factors specialists,

propulsion engineers, and

systems engineers.



While this policy is focused on providing guidance to these FAA team members,
it may be of use to the applicant, aswell. If the applicant develops a Certification Plan
for acertification project, the information in this policy statement can be used as a basis
for communicating the applicant’ s approach to addressing the human factors aspects of
the project.

This policy is one portion of an overall FAA strategy for the development of
policies related to human factorsin the certification of flight decks on transport category
airplanes. Future policy development will cover the following areas, related to showing
compliance with regulatory requirements associated with human factors:

Information on the recommended content of certification plans.

Information on how to determine the adequacy of an applicant’s proposed
methods of compliance.

Information on how to determine the adequacy of an applicant’s proposed test
plans intended to support certification.

Information on how to determine pass-fail criteriafor analyses and tests
performed to support certification.

Relevant reference material can be found in Appendix B of this policy statement.

A checklist isincluded in Appendix D of this policy statement, which can be used
as part of certification plan review. It coversall of the sections listed below.

GENERAL STATEMENT OF POLICY:

Guidance for Reviewing Certification Plansto Address Human Factorsfor
Certification of Transport Airplane Flight Decks

The guidance provided in the following sections is intended to help the
Certification Team members review a Human Factors Certification Plan submitted by an
applicant. It isorganized into nine sections, which are consistent with those suggested
for a Certification Plan in FAA Advisory Circular (AC) 21-40, “ Application Guide for

Obtaining a Supplemental Type Certificate.” Those sections are:



Introduction

System Description
Certification Requirements
Methods of Compliance
System Safety Assessments
Operational Considerations

Certification Documentation
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Certification Schedule
9. Use of Designees and Identification of Individua DER/DAR

Guidance is provided in this general statement of policy concerning the
information that would be appropriate to include in each of these sections for either a
Human Factors Certification Plan or ageneral Certification Plan. A sample
(hypothetical) Human Factors Certification Plan can be founo[!n Appendix C of this
genera statement of policy. (NOTE: While Appendix Cisincluded as part of this
policy statement document, the FAA also plans to provide it as a separate web site on the
Internet, where it can become a*“living document” and be updated as new information,
processes, and technology become available.)

1. INTRODUCTION

This section of the Certification Plan should provide a short overview of the
certification project, the certification program in general, and the purpose of the Human
Factors Certification Plan specifically.

2. SYSTEM DESCRIPTION

This section of the Certification Plan should describe the general features of the
flight deck, system, or component being presented as part of a certification project.
Because a human factors perspective of the flight deck includes the systems, the users
(flightcrew members), and the ways in which they interact (e.g., crew procedures), this

section of the Human Factors Certification Plan may include general descriptions of al
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three. The applicant can use this section to ensure that the Certification Team and the
applicant have a common understanding of the basic design concepts as well asthe
principles and operational assumptions that underlie the design of the flightcrew
interfaces.

For the purposes of this policy, the term “flightcrew interface” isintended to
cover both the design of the systems (hardware, software) and the tasks (physical,
cognitive, perceptual, procedural) the pilots will perform when using the systemsin the
context of their overall responsibilities.

The applicant should give special attention to any new or unique features or
functions and how the flightcrew will use them. Specificaly, the following topic areas
may be included:

2.a. Intended Function: The Human Factors Certification Plan should provide

information describing the intended functions of the mgjor flightcrew interfaces. For
each, the applicant should identify the following items, as appropriate, focusing on new
or unique features that affect the crew interface or the alocation of tasks between the
pilot(s) and the airplane systems:
The intended function of the system from the pilot’ s perspective.
Therole of the pilot relative to the system.
The procedures (e.g., type of approach procedures) expected to be flown.
The assumed airplane capabilities (e.g., communication, navigation, and
surveillance).

2.b. Hlight Deck Layout Drawings: Drawings of the flight deck layout, even if

they are only preliminary, can be very beneficial for providing an understanding of the
intended overal flight deck arrangement (controls, displays, sample display screens,
seating, stowage, etc.). The applicant should be encouraged to provide scheduled updates

to the drawings, so that the Certification Team’s knowledge of the layout progresses as



the design matures. Specia attention should be given to any of the following that are
novel or unique:
Arrangements of the controls, displays, or other flight deck features or
equipment.
Controls, such as a cursor control device, or new applications of existing
control technologies.
Display hardware technology.

For the items identified above, sketches of the crew interfaces for the specific
systems can be helpful in providing an early understanding of the features that may have
certification issues. The applicant should include with the drawings descriptions of
interface, button, knob function, anticipated system response, alerting mechanism, mode
annunciation, etc., so that the documentation adequately covers each component or
system that the pilot must interact with.

2.c. Underlying Principles for Automation Logic: For designsthat involve

significant automation, the way the automation operates and communicates that operation
to the pilot can have significant effects on safety. Key topics could include the following:
Operating modes
Principles underlying mode transitions
M ode annunciation scheme
Automation engagement/disengagement principles
Preliminary logic diagrams, if available

2.d. Underlying Principles for Crew Procedures. Because the design of the

systems and the development of the associated procedures are interrelated, it is useful to
describe the underlying guidelines or principles that form the basis for the crew
procedures. Key topics could include the following:

The expected use of memorized procedures with confirmation checklists

vs. read-and-do procedures/checklists.



Crew interactions during procedure/checklist accomplishment.
Automated support for procedures/checklists, if available.

2.e. Assumed Pilot Characteristics: The applicant may choose to include a

description of the pilot group that the manufacturer expects will use the flight deck
design. Thisdescription could include assumptions about the following:
Previous flying experience (e.g., ratings, flying hours).
Experience with similar or dissimilar flight deck designs and features,
including automation.
Expected training that the pilots will receive on this flight deck design, or
assumptions regarding expected training.

3. CERTIFICATION REQUIREMENTS

This section should list and describe the human factors-related regulations and
other requirements that are being addressed by the applicant’s Human Factors
Certification Plan. This section also may include the applicant’ s compliance checklist for
these requirements.

The Certification Team should expect to see a matrix from the applicant with all
of the pertinent regulations listed, with specific references to the detailed subparagraphs
that will be covered by the Human Factors Certification Plan.

Table 1, below, provides apartia list of regulations contained in 14 CFR part 25
that may be considered for inclusion in aHuman Factors Certification Plan. These
regulations were selected for the list because they typically require that the applicant
carefully consider a number of human factors issues when showing compliance with
them.

Appendix B of this document also lists these regulations, along with a brief
discussion of some of the human factorsissues that may affect the chosen methods of
compliance. (NOTE: While Appendix B isincluded as part of this policy statement

document, the FAA also plansto provide it as a separate web site on the Internet, where it



can become a “living document” and be updated as new information, processes, and

technology become available.)

TABLE 1.

Selected Listing of Regulationsin 14 CFR Part 25

Related to Flightcrew Human Factors

REQUIREMENT

FAR SECTION
[Current Amdt. (In some cases, the content of the subparagraphs has
Level] been paraphrased for clarity. Actual Human Factors
Certification Plans should use the exact wording of the
regulations.)
General Human Factors (HF) Requirements

8§25.771(a) Each pilot compartment and its equipment must allow the minimum

[amdt. 25-4] flightcrew to perform their duties without unreasonable concentration or
fatigue.

§25.771(e) Vibration and noise characteristics of cockpit equipment may not interfere

[amdt. 25 -4] with safe operation of the airplane.

§25.773(a)(2) Each pilot compartment must be arranged to give the pilots sufficiently

[amdt. 25 -72] extensive, clear, and undistorted view, to enable them to safely perform
any maneuvers within the operating limitations of the airplane, including
takeoff, approach, and landing.

8§ 25.773(a)(2) Each pilot compartment must be free of glare and reflections that could

[amdt. 25 -72] interfere with the normal duties of the minimum flightcrew.

8§25.777(a) Each cockpit control must be located to provide convenient operation and

[amdt. 25 -46] to prevent confusion and inadvertent operation.

8§ 25.777(c) The controls must be located and arranged, with respect to the pilot’s seats,

[amdt. 25 -46] so that there is full and unrestricted movement of each control without
interference from the cockpit structure or the clothing of the minimum
flightcrew when any member of this flightcrew, from 52" to 6'3” in
height, is seated with the seat belt and shoulder harness fastened.

§25.1301(a) Each item of installed equipment must be of a kind and design appropriate

[original amdt.] to itsintended function.

§ 25.1309(b)(3) ... Systems, controls, and associated monitoring and warning means must

[amdt. 25 -41] be designed to minimize crew errors that could create additional hazards.




§25.1321(a) ... Each flight, navigation, and powerplant instrument for use by any pilot

[amdt. 25 -41] must be plainly visible to him from his station with the minimum
practicable deviation from his normal position and line of vision when he
islooking forward along the flight path.

§25.1321(e) If avisual indicator is provided to indicate malfunction of an instrument, it

[amdt. 25 -41] must be effective under all probable cockpit lighting conditions.

§ 25.1523 The minimum flightcrew must be established so that it is sufficient for safe

[amdt. 25 -3] operation, considering (a) the workload on individual crewmembers; (b)
the accessibility and ease of operation of necessary controls by the
appropriate crewmember; and (c) the kind of operation authorized under
§ 25.1525. The criteria used in making the determinations required by this
section are set forth in Appendix D.

§ 25.1543(b) Each instrument marking must be clearly visible to the appropriate

[amdt. 25 -72] crewmember.

System-Specific HF Requirements

8 25.785(Q) Each seat at aflight deck station must have arestraint system... that

[amdt. 25 -88] permits the flight deck occupant, when seated with the restraint system
fastened, to perform all of the occupant’ s necessary flight deck functions.

§ 25.785(1) The forward observer’s seat must be shown to be suitable for usein

[amdt. 25 -88] conducting the necessary enroute inspections.

§25.1141(a) Powerplant controls: Each control must be located so that it cannot be

[amdt. 25 -72] inadvertently operated by persons entering, leaving, or moving normally in
the cockpit.

§25.1357(d) If the ability to reset a circuit breaker or replace afuseis essential to safety

[original amdt.]

in flight, that circuit breaker or fuse must be located and identified so that
it can be readily reset or replaced in flight.

§25.1381(a)(2) The instrument lights must be installed so that (ii) no objectionable
[amdt. 25 -72] reflections are visible to the pilot.
Specific Crew I nterface Requirements
8 25.773(b)(2)(i) | Thefirst pilot must have awindow that is openable ... and gives sufficient
[amdt. 25 -72] protection from the el ements against impairment of the pilot’s vision.
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§25.1322 If warning, caution, or advisory lights are installed in the cockpit, they
[amdt. 25 -38] must, unless otherwise approved by the Administrator, be:

(& Red, for warning lights (lights indicating a hazard which may require
immediate corrective action);

(b) Amber, for caution lights (lights indicating the possible need for
future corrective action);

(c) Green for safe operation lights; and

(d) Any other color, including white, for lights not described in
paragraphs (a) through (c) of this section, provided the color differs
sufficiently from the colors prescribed in paragraphs (&) through (c) of this
section to avoid possible confusion.

4. METHODS OF COMPLIANCE

The Certification Team should request the detailed plans for showing compliance
as the plans evolve with the program. It is recommended that coordination meetings with
the applicant and Certification Team be held several times during the certification
program to review the compliance checklist in detail and the associated test plans, as they
are developed. Thiswill help al parties reach agreement on how the tests,
demonstrations, and other data-gathering efforts will be sufficient to show compliance.
Of specia importance is ensuring that the methods proposed by the applicant will provide
enough fidelity to identify human factorsissues early enough to avoid adversely affecting
the certification schedule.

A suggested format for the compliance checklist is contained in FAA Advisory
Circular (AC) 21-40, “Application Guide for Obtaining a Supplemental Type
Certificate,” dated May 6, 1998. An example of achecklist can be found in Appendix D
of this policy statement. (NOTE: While Appendix D isincluded as part of this policy
statement document, the FAA aso plansto provide it as a separate web site on the
Internet, where it can become a “living document” and be updated as new information,

processes, and technology become available.)
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In this section of the Human Factors Certification Plan, the applicant should
delineate the methods that will be used to demonstrate compliance with the relevant
regulations. The review and discussion of the methods of compliance is an opportunity
for the FAA and the applicant to work together to identify potential human factors issues
early in the certification program.

The methods of compliance are not mutually exclusive. The applicant may
choose to include any or all of these methods of compliance in its Human Factors
Certification Plan. All of the methods of compliance included in the Human Factors
Certification Plan should be described in enough detail to give the Certification Team
confidence that the results of the chosen method will provide the necessary information
for finding compliance. Examples of methods to demonstrate compliance are as follows:

4.a. Drawings. Layout drawings and/or engineering drawings that show the
geometric arrangement of hardware or display graphics.

4.b. Configuration Description: A description of the layout, arrangement,

direction of movement, etc., or areference to similar documentation.

4.c. Statement of Similarity: A description of the system to be approved and a

previously approved system, which details their physical, logical, and operational
similarities, with respect to compliance with the regulations.

4.d. Evaluations, Assessments, Analyses: Evaluations conducted by the applicant

or others (not the FAA or adesignee), who provides areport to the FAA. Theseinclude:
Engineering Evaluations or Analyses. These assessments can involve a
number of techniques, including such things as procedure evaluations
(complexity, number of steps, nomenclature, etc); reach analysisvia
computer modeling; time-line analysis for assessing task demands and
workload; or other methods, depending on the issue being considered.
Mock-up Evaluations. These types of evaluations use physical mock-

ups of the flight deck and/or components. They aretypically used for
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assessment of reach and clearance; thus, they demand a high degree of
geometric accuracy.

Part-Task Evaluations. These types of evaluations use devices that
emulate (using flight hardware, simulated systems, or combinations) the
crew interfaces for asingle system or arelated group of systems.
Typicaly, these evaluations are limited by the extent to which
acceptability may be affected by other flight deck tasks.

Simulator Evaluations: These types of evaluations use devices that
present an integrated emulation (using flight hardware, simulated systems,
or combinations) of the flight deck and the operational environment. They
also can be “flown,” with response characteristics that replicate, to some
extent, the responses of the airplane. Typicaly, these evaluations are
limited by the extent to which the simulation is arealistic, high fidelity
representation of the airplane, the flight deck, the external environment,
and crew operations. The types of pilots (test, instructor, airline) used in
the evaluations and the training they receive may significantly affect the
results and their utility.

In-Flight Evaluations: These types of evaluations use the actual
airplane. Typicaly, these evaluations are limited by the extent to which
the flight conditions of particular interest (e.g., weather, failures, unusual
attitudes) can be located/generated and then safely evaluated in flight. The
types of pilots (test, instructor, airline) used in the evaluations and the
training they receive may significantly affect the results and their utility.

4.e. Demonstrations: Similar to evaluations (described above), but conducted by

the applicant with participation by the FAA or its designee. The applicant provides a
report, requesting FAA concurrence on the findings. Examples of demonstrations

include:
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Mock-up Demonstrations.
Part-Task Demonstration.

Simulator Demonstration.

4f. Inspection: A review by the FAA or its designee, who will be making the

compliance finding.

4.9. Tests. Evaluations conducted by the FAA or adesignee, which may

encompass:

Bench Tests: These are tests of componentsin alaboratory environment.
Thistype of testing is usually confined to showing that the components
perform as designed. Typical bench testing may include measuring
physical characteristics (e.g., forces, luminance, format) or
logical/dynamic responses to inputs, either from the user or from other
systems (real or simulated).

Ground Tests: These are tests conducted in the actual airplane, whileitis
stationary on the ground. In some cases, specialized test equipment may
be employed to allow the airplane systems to behave as though the
airplane was airborne.

Simulator Tests: (See simulator evaluations, above.)

Flight Tests: These are tests conducted in the actual airplane. The on-
ground portions of the test (e.g., preflight, engine start, taxi) are typically

considered flight test rather than ground test.

The methods identified above cover awide spectrum: from documents that

simply describe the product, to partial approximations, to methods that replicate the

actual airplane and its operation with great accuracy. Features of the product being

certified and the types of human factors issues to be evaluated are key considerations

when selecting which method isto be used. The characteristics described below can be
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used to help in coming to agreement regarding what constitutes the minimum acceptable
method(s) of compliance for any individual requirement.

When a product needs to meet multiple requirements, some requirements may
demand more complex testing while others can be handled using simple descriptive
measures. It isimportant to note that the following characteristics are only general
principles. They are intended to form the basis for discussions regarding acceptable
methods of compliance for a specific product with respect to a requirement.

4.h. Other Considerations:

Degree of Integration/Independence: If the product to be approved isa
stand-alone piece of equipment that does not interact with other aspects of
the crew interface, less integrated methods of compliance may be
acceptable. However, if the product istightly tied to other systemsin the
flight deck, either directly or by the ways crews use them, it may be
necessary to use methods that allow the testing of those interactions.
Novelty/Past Experience: If the technology is mature and well
understood, less rigorous methods may be appropriate. More rigorous
methods may be called for if the technology is new, is used in some new
application, is new for the particular applicant, or is unfamiliar to the
certification personnel.

Complexity/Level of Automation: More complex and automated
systemstypically require test methods that will reveal how that complexity
will manifest itself to the pilot, in normal and backup or reversionary
modes of operation.

Criticality: Systemsthat are central to the interface design may require
testing in the most realistic environments (high-quality simulation or flight

test), because any problems are likely to have serious consequences.
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Dynamics: If the control and display features of the product are highly
dynamic, the compliance methods should be capable of replicating those
dynamic conditions.

Level of Training Required: If the product islikely to require a
significant amount of training to operate, the interfaces may need to be
evaluated in an environment that replicates the full spectrum of activities
in which the pilot may be involved.

Subjectivity of Acceptance Criteria: Requirements that have specific,
objectively measurable criteria can often employ simpler methods for
demonstrating compliance. As the acceptance criteria become more
subjective, more integrated test methods are needed, so that the
evaluations take into account the aspects of the integrated flight deck that
may affect those evaluations.

The main objective isto carefully match the method to the product and the
underlying human factorsissues. It isaso important for the Certification Team to
recognize that several methods may be acceptable for any given requirement and
applicants should be alowed to select among the acceptable methods, choosing the ones
that best fit their compliance strategy, schedule, and cost considerations.

5. SYSTEM SAFETY ASSESSMENTS

Typicaly, system safety assessments [i.e., Functional Hazard Assessment (FHA),
Failure Modes and Effects Analysis (FMEA), Fault Tree Analysis, etc.] are accomplished
by the applicant’ s engineering group that is responsible for each system. However, for
each assessment planned, the applicant should describe how any human factors elements
will be addressed (such as crew responses to failure conditions) and other assumptions
that must be made about crew behavior. These assumptions should be reviewed by the
full Certification Team to ensure that no assumptions are being made that will require the

flightcrew to compensate for failures beyond their expected capabilities. These human
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factors considerations can be documented in the individual system safety assessments, or
the applicant may elect to describe them in the Human Factors Certification Plan, with
references to the associated system safety assessments.

6. OPERATIONAL CONSIDERATIONS

The applicant may have specific goals associated with the operational certification
of the airplane or system that could influence the design and its evaluation. In this
section, the applicant will typically describe how these operational considerations will be
integrated into the part 25 aspects of the certification project. It would be useful to
identify operational requirements that have been factored into the type design. For
example, the Traffic Alert and Collision Avoidance System (TCAS) is mandated asarule
change in part 121 rather than in part 25.

This section of the Certification Plan also may include how the operational
certification, as captured in the following documents, will influence the methods of
compliance:

Airplane Flight Manua (AFM),

Master Minimum Equipment List (MMEL)
Flightcrew Operating Manual (FCOM), and
Quick Reference Handbook (QRH).

Shown below are two examples of how the operational and airworthiness
considerations may be interdependent:

Example 1. The applicant may desire MMEL dispatch relief for certain systems.
In order to ensure that the desired dispatch relief will be approved, it may be
advantageous to conduct certification testing of those configurations (including the next
most significant failures), to ensure that they are acceptable for normal operations.

Example 2. In order to help ensure acceptance of the FCOM, it may be
advantageous to conduct certification testing using the procedures and other relevant

information that will beincluded in the FCOM. Thiswill enable the members of the
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Airplane Evaluation Group (AEG) to have a high degree of confidence that there will be
no human factors problems associated with their use.

The AEG, Hight Standards Operations representatives, and Human Factors
Specidlists on the Certification Team should be involved in the review of this section of
the Human Factors Certification Plan.

7. CERTIFICATION DOCUMENTATION

The Human Factors Certification Plan should indicate the types of documentation
that will be submitted to show compliance or otherwise document the progress of the
certification program. This section may list the specific documentation (test report
number, analysis report number, etc.) that will be used to support compliance with the
subject regulation. They may also be indicated in the compliance matrix.

8. CERTIFICATION SCHEDULE

This section of a Human Factors Certification Plan should include the major
milestones of the certification program. This may include:

8.a. Certification Plan Submittals: The Certification Team should expect

periodic updates to the Human Factors Certification Plan as the certification program
progresses. The applicant should be encouraged to submit the first Human Factors
Certification Plan as soon as possible after the start of the program. The applicant should
be reassured that draft, preliminary information is acceptable and appropriate, provided
that it is updated and finalized in a timely manner (as documented in the schedule and
agreed to jointly by the FAA and the applicant).

8.h. Hight Deck Reviews, Early Prototype Reviews, Simulator Reviews, and

Flight Test Demonstrations: The Human Factors Certification Plan can document

planned design reviews. Even in cases where the reviews are not directly associated with
finding compliance, they can be very helpful in the following ways:
« Providing the Certification Team with an accurate and early understanding

of the crew interface tradeoffs and design proposals.

18



- Allow the certification team to provide the applicant with early feedback
on any potential certification issues.

«  Support cooperative teaming between the applicant and the certification
team, in amanner consistent with the Certification Process Improvement

initiative.

8.c. Coordination meetings. Coordination meetings with other certification
authorities, or meetings with other FAA Aircraft Certification Offices on components of
the same certification project or related projects, should be documented in the schedule.

The Certification Team can use the information in the schedule to determine if
sufficient coordination and resources are planned for the certification program.

9. USE OF DESIGNEESAND IDENTIFICATION OF INDIVIDUAL DER/DAR

This section should describe how the applicant will make use of Designated
Engineering Representatives (DER), Designated Airworthiness Representatives (DAR),

or other designees during the certification program.
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APPENDIX A

Partial List of Part 25 Regulations Related to Human Factor s | ssues

Thefollowing list of regulations is divided into the following three categories:

1. General Human Factors Requirements. Rulesthat dea with the
acceptability of the flight deck and crew interfaces across a variety of systems/features.

2. Specific Human Factors Requirements. Rulesthat deal with the
acceptability of a specific feature or function in the flight deck.

3. Specific Crew Interface Requirements. Rules that mandate a specific
system feature, which must be implemented in an acceptable manner.

Thislist is not intended to include al regulations associated with flightcrew
interfaces. However, these represent some of the requirements for which demonstrating
compliance can be problematic. In some cases, where only subparagraphs are noted, they
have been paraphrased for clarity; the applicant should use the exact wording of the
regulation in al plans and compliance documents.

In many cases, there may be no precise standard of acceptability. Therefore, itis
in the applicant’ s best interest to carefully consider and describe how they plan to come
to agreement with the FAA with respect to compliance. The highlighted words identify
the key issues that are central to finding compliance and that could be addressed using
various methods. Following each regulatory requirement are notes intended to help the
applicant select an appropriate method of compliance. Typically, the Certification Plan
would only identify and generally describe the methods to be used. Detailed descriptions
of analyses and tests would be documented separately (e.g., in test plans), subsequent to
an agreed-upon Certification Plan. However, the applicant should sufficiently develop
the plans to assure themselves and the FAA that the sel ected methods are appropriate and

adequate.
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1. General Human Factors Requirements:

§ 25.771(a) [at amdt. 25-4]:
Each pilot compartment and its equipment must allow the
minimum flightcrew to perform their duties without unreasonable

concentration or fatigue.

Discussion: The applicant should carefully consider the aspects of the flightcrew
interface that might require significant or sustained mental or physical effort, or
might otherwise result in fatigue. Other factors affecting fatigue, such as noise
and seat comfort, also may need to be evaluated. Methods of compliance should
be selected based on the potential concentration demands and sources of fatigue
for the flightcrew. Comparisonsto previously certificated designs are often a

useful method, although testing may be warranted for new designs.

§ 25.771(e) [at amdt. 25-4]:

Vibration and noise characteristics cockpit equipment may not

interfere with safe operation of the airplane.
Discussion: When determining the method of compliance, the applicant should
carefully consider the types/magnitudes of the vibration and noise that may be
present under both normal and abnormal conditions. Then, tasks that may be
affected by vibration (e.g., display legibility and the operation of controls) and
noise (e.g., communication and identification of aural aerts) should be identified,
aswell as the methods that could be employed to determine whether or not the

vibration or noise will unacceptably interfere with safe operation of the airplane.

§ 25.773(a)(1) [at amdt. 25-72]:
Each pilot compartment must be arranged to give the pilots

sufficiently extensive, clear, and undistorted view, to enable them
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to safely perform any maneuvers within the operating limitations

of the airplane, including takeoff, approach, and landing.
Discussion: The applicant should carefully consider the method of compliance
described in FAA Advisory Circular (AC) 25.773-1, “Pilot Compartment View

for Transport Category Airplanes.”

§ 25.773(a)(2) [at amdt. 25-72]:

Each pilot compartment must be free of glare and reflections that

could interfere with the normal duties of the minimum flightcrew.
Discussion: The applicant may be able to develop analytical techniques that
identify potential sources of glare and reflections, as a means for reducing the risk
of problems identified after the mgjor structural features have been committed.
Mock-ups also may be a useful means for early assessments. However, anaysis
results typically must be verified in an environment with a high degree of
geometric and optical fidelity. Both internal (e.g., area and instrument lighting)

and external (e.g., shafting sunlight) sources of reflections should be considered.

§ 25.777(a) [at amdt. 25-46]:
Each cockpit control must be located to provide convenient

operation and to prevent confusion and inadvertent operation.

Discussion: The applicant may choose to use physical mock-ups for preliminary
evauations. Simulators, if available, provide a more powerful evaluation
environment, because they alow the evaluation to take place in aflight scenario,
which may influence convenience and inadvertent operation. Simulator

evaluations may reduce the need for flight testing.
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§ 25.777(c) [at amdt. 25-46]:
The controls must be located and arranged, with respect to the

pilot’s seats, so that thereis full and unrestricted movement of each

control without interference from the cockpit structure or the

clothing of the minimum flightcrew when any member of this

flightcrew, from 52" to 6’3" in height, is seated with the seat belt

and shoulder harness fastened.
Discussion: The applicant may choose to use analytical methods, such as
computer modeling of the flight deck and the pilots, for early risk reduction and to
supplement certification evaluations using human subjects. Computer modeling
allows for more control over the dimensions of the pilot model and, thus, may
allow the assessment of otherwise unavailable combinations of body dimensions.
The applicant should carefully consider the advantages and limitations of each of

these methods.

§ 25.1301(a) [original amdt.]:

Each item of installed equipment must be of akind and design

appropriate to its intended function.

Discussion: The applicant may wish to consider a number of methods for
showing compliance with this requirement, with respect to human factors. For
example, service experience may be an effective means for assessing systems
with well-understood, successful crew interfaces, assuming that other factors,
such as changes in the operational environment, do not affect the relevance of that
experience. Various requirements analysis techniques can be used to show that
the information that the pilot needs to perform key tasksis available, usable, and
timely. Simulation may be used to verify that properly trained pilots can

adequately perform all required tasks, using the controls and displays provided by
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the design, in realistic scenarios and timelines. Finally, flight tests can be used to

investigate specific normal and abnormal operational scenarios.

§ 25.1309(b)(3) [at amdt. 25-41:
... Systems, controls, and associated monitoring and warning

means must be designed to minimize crew errorsthat could create

additional hazards.
Discussion: The applicant may wish to perform analyses of crew proceduresin
response to system faults. This can be especialy important in cases where the
applicant wishes to take certification credit (e.g., in aFault Tree Anaysis) for
correct pilot response to a system failure. A crew procedure analysis could be
supported by performing qualitative evaluations that compare actual proceduresto
procedure design philosophies, by devel oping measures of procedure complexity,
or by accomplishing other techniques that focus on procedure characteristics that
impact the likelihood of crew errors. Simulation testing, including the use of
untrained (in the new design) line pilots, can be helpful in demonstrating that the
design is not proneto crew errors. Finally, evaluations by highly experienced
training and test pilots can be a valuable means of gathering information on the

susceptibility to crew errors.

§ 25.1321(a) [at amdt. 25-41]:
... Each flight, navigation, and powerplant instrument for use by
any pilot must be plainly visible to him from his station with the

minimum practicable deviation from his normal position and line

of vision when heislooking forward along the flight path.
Discussion: The applicant may wish to perform analyses of the visual anglesto

each of theidentified instruments. Final assessments of the acceptability of the
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visibility of the instruments may require a simulator with a high degree of

geometric fidelity and/or the airplane.

§ 25.1321(e) [at amdt. 25-41]:
If avisual indicator is provided to indicate malfunction of an

instrument, it must be effective under all probable cockpit lighting

conditions.
Discussion: Demonstrations and tests intended to show that these indications of
instrument malfunctions, along with other indications and aerts, are visible under
the expected lighting conditions will typically employ the use of production
quality hardware and careful control of lighting conditions (e.g., dark, bright
forward field, shafting sunlight). Simulators and aircraft are often used, although

supporting data from laboratory testing also may be useful.

§ 25.1523 [at amdt. 25-3]:
The minimum flightcrew must be established so that it is sufficient
for safe operation, considering:
(a) theworkload on individual crewmembers,

(b) the accessibility and ease of operation of necessary controls by

the appropriate crewmember; and

(c) thekind of operation authorized under § 25.1525.

Discussion: (The factors considered in making the determinations required by
this section are set forth in Appendix D of this general statement of policy.) The
applicant may choose to use workload analyses (such as time-line analysis) to
evaluate certain workload issues. Other evaluations of workload typically involve
trained pilotsin either ahigh fidelity simulation or in actual airplanes. There are a
number of possible workload assessment techniques that can be successfully

employed. An efficient means for selecting test conditionsis to focus on those
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operational and/or failure scenarios that are likely to result in the highest
workload conditions. Dispatch under the Minimum Equipment List (MEL) also
should be considered, in combination with other failuresthat are likely to result in
significantly increased workload. Since no objective standard for workload is
available, applicants may wish to compare the workload in the new/modified

airplane with that in awell-understood, previoudly certificated airplane.

e §25.1543(b) [at amdt. 25-72]:

Each instrument marking must be clearly visible to the

appropriate crewmember.
Discussion: The applicant may choose to use computer modeling to provide
preliminary analysis showing that there are no visual obstructions between the
pilot and the instrument markings. Where head movement is necessary, such
analyses also can be used to measure its magnitude. Other analysis techniques
can be used to establish appropriate font sizes, based on research-based
requirements. Mock-ups also can be helpful in some cases. The data collected in
these analysis and assessments can be used to support final verification in the
flight deck, using subjects with vision that is representative of the pilot

population, in representative lighting conditions.

2. Specific Human Factor s Requir ements:

e 8§25785(g) [at amdt. 25-88]:
Each seat at aflight deck station must have arestraint system. . .
that permits the flight deck occupant, when seated with the

restraint system fastened, to perform all of the occupant’s

necessary flight deck functions.
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Discussion: The applicant may choose to develop alist of what it considers to be
necessary flight deck functions, under normal and abnormal conditions. Methods
similar to those used to show compliance with § 25.777 also may be appropriate
for demonstrating compliance with this paragraph, with the additional

consideration of movement constraints imposed by the full restraint system.

§ 25.785(1) [at amdt. 25-88]:

The forward observer’s seat must be shown to be suitable for use

in conducting the necessary enroute inspections.
Discussion: The applicant may choose to develop a set of requirements (e.g.,
what must be seen and reached) based on the expected tasks to be performed by
an inspector. Computer-based analysis and/or mock-ups can be used to develop
supporting data; evaluation of enroute inspection scenarios can be used to verify
that all required tasks can be performed. Since the geometric relationship
between the observer’s seat and the rest of the flight deck (including the pilots) is

important, the evaluations often must occur in the actual airplane.

§ 25.1141(a) [at amdt. 25-72]:
Each powerplant control must be located so that it cannot be

inadvertently operated by persons entering, leaving, or moving

normally in the cockpit.
Discussion: Thistype of assessment typically requires at least a physical mock-
up, dueto limitations in the ability to adequately model “normal” movement in
the cockpit. Evaluations should be designed to include cases in which the pilots
must reach across the area surrounding the powerplant controls and to look for
places where pilots will naturally place their hands and feet during ingress and

egress, and during cruise.
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o §25.1357(d) [original amdt.]:

If the ability to reset a circuit breaker or replace afuseis essential

to safety during flight, that circuit breaker or fuse must be |ocated

and identified so that it can be readily reset or replaced in flight.
Discussion: The applicant may choose to use methods similar to those employed
for § 25.777 to demonstrate the ability of the pilot to reach the specific circuit
protective device(s). The applicant also should consider how to evaluate the
ability of the pilot to readily identify the device(s), whether they areinstalled on a
circuit breaker panel or controlled using an electronic device (i.e., display screen

on which the circuit breaker status can be displayed and controlled).

+ §251381(a)(2) [at amdt. 25-72]:

The instrument lights must beinstalled so that . . . (ii) no objectionable

reflections are visible to the pilot.

Discussion: See the discussion of § 25.773(a), above.

3. Specific Crew Interface Reguirements:

. §25.773(b)(2)(i) [at amdt. 25-72):

The first pilot must have a window that is openable. . . and gives

sufficient protection from the elements against impairment of the

pilot’svision.
Discussion: While the applicant may perform analyses to show that the visual
field through the openable window, due to the nature of the task (landing the
airplane by looking out the opened window), it is likely that a flight test would be
the most appropriate method of compliance. Assessment of the forces required to

open the window under flight conditions may also be needed.
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o §25.1322[at amdt. 25-38]:

If warning, caution, or advisory lights are installed in the cockpit, they

must, unless otherwise approved by the Administrator, be:

(@

(b)

(©
(d)

Red, for warning lights (lights indicating a hazard which may require
immediate corrective action);

Amber, for caution lights (lights indicating the possible need for
future corrective action);

Green for safe operation lights; and

Any other color, including white, for lights not described in
paragraphs (a) through (c) of this section, provided the color differs
sufficiently from the colors prescribed in paragraphs (a) through (c)

of this section to avoid possible confusion.

Discussion: Compliance with this requirement is typicaly shown by a

description of each of the warning, caution, and advisory lights. Evaluations may

also be useful to verify the chromaticity (e.g., red looks red, amber looks amber)

and discriminability (i.e., colors can be distinguished reliably from each other) of

the colors being used, under the expected lighting levels. These evaluations can

be affected by the specific display technology being used, so final evaluation with

flight quality hardware is sometimes needed. A description of a well-defined

color coding philosophy that is consistently applied across flight deck systems can

be used to show how the design avoids “ possible confusion.”
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APPENDIX B

Related Documents

1. Williams, JamesH., “ Description of the FAA Avionics Certification Process,”
FAA Document, April 23, 1997.

This document is a high level explanation of the FAA approach to certification of
avionics. It addresses the major aspects of the certification process including:
design approvals under the Type Certificate (TC) or Supplemental Type
Certificate (STC) approval process,
design approvals under the Technical Standard Order (TSO) approval
Process,
installation approvals for initial (new) avionics following a TSO
approval;
installation approvals using the FAA Form 337 (“Major Repair and
Alteration: Airframe, Powerplant, Propeller, or Appliance’) process.
This document will help the applicant become familiar with the FAA process to
certify avionics. The certification processislaid out in aflowchart format. This

document is available on the Internet at

Np-//WWWw .Taa.gov/avr7ait/air 100/ Toohome.ntm.

2. FAA Booklet, “The FAA Type Certification Process,” Aircraft Certification
Service, May 1996.

The FAA’s Aircraft Certification Service issued this document for both internal use
and industry guidance. It describes the important steps in the process leading to
issuance of atype certificate. Discussion includes descriptions of roles,
responsibilities, and job functions of participants in the process, and provides alisting

of the “best practices’ that the FAA can follow to do itsjob well. It also describes the
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use of a Certification Plan as a key communication tool during the certification

process.

3. FAA Order 8110.4A, “Type Certification Process,” March 2, 1995;
and

4. FAA Order 8110.5, “ Aircraft Certification Directorate Procedures,” October 1,
1982.

These Orders prescribe the responsibilities and procedures for FAA aircraft
certification engineering and manufacturing personnel when accomplishing the
evaluation and approval of aircraft type design data and changes to approved type
design data. These Orders contain descriptions of Certification Plans and how
FAA personnel can use them during the certification process. These documents

are can be found on the Internet at:

TIWWW. [cchi-.oov -

and

-info. V 5.

5. Advisory Circular (AC) 21-40, “ Application Guide for Obtaining a
Supplemental Type Certificate,” May 6, 1998.

This advisory circular contains guidance for preparing a Certification Plan for a
supplemental type certification project. Figure 2-4 of the AC suggests that
applicants use a specific format for the plan and provides a sample of it, which
includes the following nine sections:
1. Introduction
2. System description
3. Certification requirements
() Regulations
(b) Special requirements, unique or novel design aspects

(c) Compliance checklist
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Methods of compliance

Functional hazard assessment summary
Operational considerations (if required)
Certification documentation

Certification schedule

© © N o g &

Use of designees and identification of individual Designated
Engineering Representatives (DER)/Designated Airworthiness
Representatives (DAR)

These sections, and the material they contain, are appropriate for any applicant’s
Certification Plan. They also could be applied to the development of a Human

Factors Certification Plan. This document can be found on the Internet at

{p://Www.Taa.gov/avr/alr/acsachome.ntm.

6. Society of Aeronautical Engineers (SAE) Aerospace Recommended Practice
4033, “Pilot-System I ntegration,” August 1995

This document provides a concept development guide to the human engineering
specialist and the aircraft systems designer for pilot-system integration that will
enhance safety, productivity, reduce certification risk, and improve cost
effectiveness. It addresses the resulting processes of system development
including aspects of interface design and automation philosophy. (SAE
publications are available from SAE, 400 Commonwealth Drive, Warrendale, PA
15096-0001; telephone (412) 776-4970; or e-mail at publications@sae.org.)


http://www.faa.gov/avr/air/acs/achome.htm
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APPENDIX C

Sample Human Factors Certification Plan

This sample plan isintended to provide examples of the types of information that

could be included in the various sections. Keep the following in mind while reviewing it:

It is based on atotally hypothetical certification program, and no connection to any
real system or certification program isintended or implied.

There are placeholders where the drawings and other figures could be inserted.

This sample plan should not be considered to be comprehensive. The examples are
intended to beillustrative, but do not necessarily include all of the issues, even for the
hypothetical program.

The methods of compliance are intended to show the methods that a hypothetical
applicant might have chosen for the project. It should not be construed as describing
the acceptable list of methods for any real program. These would have to be
discussed and agreed upon within the context of a specific program.

The Deliverable Products column in the compliance matrix identifies what the
hypothetical applicant will produce to substantiate compliance. The titles of reports
represent examples of how an applicant might choose to package the information.
Finally, the sample plan is not intended to specify the format of the report, but rather,

to provide guidance on the structure and content only.

36



[HYPOTHETICAL]

Human Factors Certification Plan
for the Electronic Approach Chart System (EACYS)

1. INTRODUCTION.

This project seeks a Supplemental Type Certificate for the installation of an
Electronic Approach Chart System (EACS) in Guerin Model 522 airplanes. The intent of
the EACS isto provide an alternative to the use of paper approach charts. The EACS
will be installed so that it will be physically and functionally integrated into the flight
deck. System datawill be loaded using existing on-board data loading capabilities. The
EACS will be certified as a non-essential system. This Human Factors Certification Plan
identifies the human factors-related regulations and the methods of compliance that will
be used to show that all safety-related human factors issues have been fully addressed.

2. SYSTEM DESCRIPTION

a. Intended Function: The Electronic Approach Chart System uses a panel-

mounted Active Matrix Liquid Crystal Display (AMLCD) to display approach charts for
the pilots to use on the ground and in flight. The key functions include the following:
(1) During the preflight preparation:
(@ The pilot will use the system to call up and review the
approach charts for the destination airport and selected alternates.
(b) The pilot will be able to “mark” the appropriate charts for
quick retrieval later in the flight.
(c) If initiated by the pilot, the system will be ableto query the
Flight Management System (FMYS) to pre-identify the appropriate charts, based on the
flight plan.
(2) During flight (normal operations):
(@ Thepilot will quickly access the presel ected approach charts.

Charts that were not preselected will also be accessible.
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(b) The pilot will be able to manipulate the display of the chart to
show only the information relative to the planned route of flight.

(c) Thepilot will be able to select the appropriate approach
parameters (transition, approach navigation aids, minimums, etc) using the EACS. Upon
pilot initiation, the EACS will load these selections into the other systems on the airplane
[e.0., approach navaids will be sent to the FM S for autotuning, decision height (DH) will
be sent to atitude alerting system and display system]. For acompletelist of EACS
functions, see the EACS System Description Document.

(3) During flight (non-nor mal operations, i.e., requiring an
emer gency diversion): In addition to those functions available for normal operations,
the EACS provides the following functionality to support emergency diversions.

(@) When the pilot selectsthe ALTERNATE AIRPORT function
on the FMS, the FM S automatically identifies the five nearest airports that meet the
landing requirements for the airplane. These airports will be automatically transmitted to
the EACS, which will preselect them (mark them for quick retrieval).

(b) Atthe pilot’'srequest, the EACS will display alisting of the
diversion airports and allow the pilot to quickly review the approach charts and select the
desired approach. Asin normal operations, this selection will be automatically
transmitted to the FM S and other using systems.

b. Flight Deck Layout Drawings:

(1) Figure 1 and Figure 2 are drawings showing the installation location
for the EACS displays, on an angled panel just outboard of each pilot’s main instrument

panel and forward of the side console. [Figures 1 and 2 would be shown here.]

(2) Figure 3isadrawing of the EACS display unit with integrated touch

screen, function selection buttons, and brightness control. [Figure 3 would be shown

here]
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(3) Display formats are still in development and will be provided
according to the following schedule shown in Figure 4. [Schedule would be shown
here]

¢. Underlying Principlesfor Crew Procedures

(1) Normal operations. The procedures for certain consistent navigation
functions are imbedded in the FM S software, which walks the pilot through all necessary
preflight and descent preparation steps. This is accomplished using a sequence of
prompts, followed by a message when all required steps are completed. Wherever use of
the EACS s called for in these existing sequences of tasks, the FM S software will be
modified to include the appropriate prompts. Other ad hoc uses for the EACS will be at
the pilots discretion, asis the case with the other navigation and flight planning
functions within the FMS.

(2) Proceduresfor dealingwith EACS and FM Sfailures. Any such
procedures will be driven by the following operationa principles:

(@) The number of procedures and the number of stepsin the
procedures should be minimized.

(b) All diagnosis of system problems are to be accomplished by
the system (i.e., there will be no crew procedures for diagnosing problems).

(c) Therewill be no crew procedures that require the use of the
EACS circuit breaker.

(d) The pilotswill not be required to learn alternative modes of
interaction (i.e., if the touch screen fails, the pilots will not interact via a keyboard).

(e) If the FMSfalils, the EACS should continue to operate
normally, except for those functions associated with EACS-FM S data sharing. This
continued operation should not be dependent on a pilot procedure.

d. User Pilot Description: Theinitial certification of this system will bein a

transport category airplane and is expected to be used in both Part 121 and Part 135
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operations. Asaresult, this program assumes that the pilot will have only the experience
and training required for Part 135 operations.

(1) Itisassumed that, as minimum qualifications, the pilots are multi-
engine, instrument rated, commercial pilots. Minimum expected flying hours: 500. No
timein typeis assumed (first exposure to EACS may be during transition training).

(2) Itisassumed that the pilots will have knowledge of existing paper
approach charts, but no experience with electronic presentation of chart information.

(3) Itisassumed that the pilots will receive sufficient information/training
to allow them to operate the FMS. Additiona information regarding the use of the EACS
should be incorporated into the FM S training material.

(4) The system should be simple and intuitive to operate, so that the pilot
can become proficient with either 30 minutes of computer-based training, or with written
material plus 30 minutes of hands-on practice on the airplane (on the ground).

e. Description of the Operating Environment for the Airplane: The followingisa

partial description of the operating environment anticipated for the flight deck design:
(1) Expected operational rules under which the airplanewill be
operated: Part 121, Part 135.
(2) Air Traffic Control (ATC) environment: The system must be
compatible with all currently planned FM S operations, including the following:
(8) Full areanavigation (RNAV) capability,
(b) Required time of arrival (RTA),
(c) Required Navigation Performance (RNP), using GPS as the
primary means of navigation.
(d) Aeronautical Telecommunications Network (ATN) Controller
Pilot Datalink Communications
(3) Airport types, conditions, facilities. The system shall support any

airport types suitable for transport category airplanes.
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(4) Geographic areas of operation and associated terrain and weather

issues:. The system should support the display of any special terrain feature currently

available on paper charts. However, that information may be displayed in a different

way, appropriate for the selected display device.

3. COMPLIANCE MATRIX FOR PART 25 REGULATIONSRELATEDTO

FLIGHTCREW HUMAN FACTORS

SECTION GENERAL HUMAN FACTORS |METHOD(S) OF DELIVER-
[Amdt. L evel] (HF) REQUIREMENTS COMPLIANCE ABLE
' PRODUCT

§25.771(a) Each pilot compartment and its Analysis, Workload

[at amdt. 25-4] | equipment must allow the minimum Simulator test, Certification
flightcrew to perform their duties Flight test Report
without unreasonabl e concentration or
fatigue.

§25.771(e) Vibration and noise characteristics Bench test Test report

[at amdt. 25-4] | cockpit equipment may not interfere
with safe operation of the airplane.

§25.773(a)(1) Each pilot compartment must be Similarity Vision

[at amdt. 25-72] | arranged to give the pilots sufficiently Certification
extensive, clear, and undistorted view, Report
to enable them to safely perform any
maneuvers within the operating
limitations of the airplane, including
takeoff, approach, and landing.

§25.773(a)(2) Each pilot compartment must be free | Ground test Lighting

[at amdt. 25. of glare and reflections that could Certification

72] interfere with the normal duties of the Report
minimum flightcrew.

§25.777(a) Each cockpit control must be located | Simulator test Flight Deck

[at amdt. 25-46] | to provide convenient operation and Flight test Anthropometry
to prevent confusion and inadvertent Certification
operation. Report
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§25.777(c) The controls must be located and Ground test Flight Deck
[at amdt. 25-46] | arranged, with respect to the pilot’s Anthropometry
seats, so that thereisfull and Certification
unrestricted movement of each Report
control without interference from the
cockpit structure or the clothing of the
minimum flightcrew when any
member of this flightcrew, from 5’2"
to 6'3” in height, is seated with the
seat belt and shoulder harness
fastened.
§ 25.1301(a) Each item of installed equipment System System
[original amdt.]] | must be of akind and design description Description
appropriate to its intended function. Simulator Document
demonstration Demonstration
Flight test Report
Flight Test
Report
§25.1309(b)(3) | ... Systems, controls, and associated | Hazard assessment | Fault tree
[at amdt. 25-41] | monitoring and warning means must analyses

be designed to minimize crew errors
that could create additiona hazards.

Simulator
demonstration

Demonstration
Report

§25.1321(a) ... Each flight, navigation, and System Installation
[at amdt. 25-41] | powerplant instrument for use by any | description drawings
pilot must be plainly visible to him : .
from his station with the minimum Analysis \C/(I;t?fri]cati on
practicable deviation from hisnormal | Flight test R
o . . : eport
position and line of vision when heis
looking forward aong the flight path. Flight Test
report
§25.1321(e) If avisual indicator is provided to Similarity System
[at amdt. 25-41] | indicate malfunction of an instrument, description and
it must be effective under all probable | Ground test Statement of
cockpit lighting conditions. Similarity
Flight Test
report
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§ 25.1523 The minimum flightcrew must be Simulator test Demonstration
[at amdt. 25-3] established so that it is sufficient for Flioht test report
safe operation, considering: '9 :
’ Flight Test
a) the workload on individual report
crewmembers;
b) the accessibility and ease of
operation of necessary controls by
the appropriate crewmember; and
c) the kind of operation authorized
under 8 25.1525.
The criteria used in making the
determinations required by this
section are set forth in Appendix D.
§ 25.1543(b) Each instrument marking must be Analysis Vision
[at amdt. 25-72] | clearly visible to the appropriate Simulator test certification
crewmember. report
Demonstration
report

SYSTEM-SPECIFIC HF REQUIREMENTS

§25.1381(a)(2) | Theinstrument lights must beinstalled | Ground test Flight Test
[at amdt. 25-72] | so that (ii) no objectionable reflections report

arevisible to the pilot.

SPECIFIC CREW INTERFACE REQUIREMENTS

§25.773(b)(2)(i) | Thefirst pilot must have awindow that | Ground test (to Flight Test
[at amdt. 25-72] | isopenable. .. and gives sufficient verify no report

protection from the elements against interference with

impairment of the pilot’svision. window opening)




§25.1322 If warning, caution, or advisory lights Similarity System

[at amdt. 25-38] | areinstalled in the cockpit, they must, Description
unless otherwise approved by the Document
Administrator, be --

(&) Red, for warning lights (lights
indicating a hazard which may
require immediate corrective
action);

(b) Amber, for caution lights (lights
indicating the possible need for
future corrective action);

(c) Greenfor safe operation lights; and

(d) Any other color, including white,
for lights not described in
paragraphs (@) through (c) of this
section, provided the color differs
sufficiently from the colors
prescribed in paragraphs (a) through
(c) of this section to avoid possible
confusion.

4. SYSTEM SAFETY ASSESSMENTS

Each Fault Tree that includes a pilot response to afailure condition will include
an assessment in accordance with AC 25.1309. In addition, any specific design features
intended to increase the likelihood of correct pilot response will be noted in the system
safety assessment.

5. OPERATIONAL CONSIDERATIONS

The EACS isintended to replace the routine use of paper charts during all
expected operations. It should be noted that design of this system is predicated on the
assumption that if the system experiences atotal failure, the pilots will revert to the use of
paper charts. Because of this and the need to minimize the training burden, basic flight
operations for the airplane will be unaffected by the incorporation of this system (no
changein airplane capability or interaction with the airspace). Changesin pilot activities

will be restricted to the way in which approach chart information is selected, accessed,
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and viewed. The following documents are expected to be modified as a result of the
incorporation of EACS:

e Master Minimum Equipment List (MMEL)

* Hightcrew Operating Manua (FCOM).

* Flightcrew Training Manual

6. CERTIFICATION DOCUMENTATION: Severa documentswill be produced

that are intended to summarize the certain major human factors certification topics:

a Workload-related issues [§ 25.771(a) and 8 25.1523] will be covered in the

Workload Certification Report. Thiswill contain procedure analysis, timeline analysis,

Pilot Subjective Evaluation results, and an overall summary of the workload
considerations, as described in 14 CFR part 25, Appendix D.
NOTE: Workload related data gathering during flight test is expected to be
conducted concurrently with other scheduled flight tests (i.e., no dedicated
workload test flights).
b. Internal and External Vision issues [8 25.773(a)(1), 8 25.1321(a),

8§ 25.1543(b), 8 25.785(1)] will be covered in the Vision Certification Report. This report

will contain internal and external vision analyses, and a summary of pilot assessments.

c. Flight deck lighting issues[8§ 25.773(a)(2), § 25.1321(¢), § 25.1381(a)(2)] will

be covered in the Lighting Certification Report. This report will include the results of

reflection measurements and pilot assessments from ground tests and flight tests.

d. Issues associated with the physical arrangement of the flight deck with respect

to pilot reach, clearance, and interference [8 25.777(a) and (c)], will be covered in the

Flight Deck Anthropometry Certification Report.

NOTE: No computer modeling is planned. Testing will be done using
human subjects with representative body dimensions.

e. Other documentation cited in the compliance matrix will be finalized as the

testing plans develop. For most of the flight testing, during which human factors
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certification tests will be conducted concurrently with other planned testing, the human
factors results will be documented in the overall test report.

7. CERTIFICATION SCHEDULE

The following schedule (Figure 5) indicates the approximate timing of the major
human factors analysis/demonstration/test activities, planned updates to the Human
Factors Certification Plan, and planned coordination meetings for the discussion of
human factors certification issues. This schedule will be refined and adjusted as the

certification program develops.

Figure5: Flight Crew Operations Certification Schedule

Start Date:  8/1/1999
End Date: 4/15/2000

ilerEne 1999 2000

Quarter 3 Quarter 4 Quarter 1 Quarter 2

Initial FAA Project
Concept Discussion
Meeting

6/1

Certification Plan
Submittals 81

Initial FAA Project
Familiarization - draft
drawings, etc.

9/1

FAA Simulator

) 1
Demonstrations Y15

FAA Simulator

) 10/1
Demonstrations 010

FAA Procedures

Simulator Demos 10/30

Workload Compliance
. 11/1
Demonstrations V15

List of Dispatch
Conditions and Might
Failures

11/15
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Flight Test Program 12/15

Certification U5
Document Submittals

Draft Crew Ops Cert

Document 31

Workload 8110 Cert

Report 41

Final Crew Ops Cert.

Document 415

8. USE OF DESIGNEESAND IDENTIFICATION OF INDIVIDUAL DER/DAR:

The applicant recommends that the majority of the findings of compliance be
delegated to the pilot DER. Final assessment of compliance with § 25.1523 should
include FAA participation in flight test involving specific high workload scenarios. The

FAA should also participate in ground testing for display legibility.
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APPENDIX D



Thisform can be used when reviewing an applicant’s Certification Plan.

APPENDIX D

Quick Reference Guide for Reviewing Human Factor s Certification Plans

yes

no

n/a

1. Introduction

2. System description

a

Intended function from pilot’ s perspective

Flight deck layout drawings

Underlying principles for crew procedures

Assumed pilot characteristics

e

Description of the operating environment for the airplane

3. Certification requirements

a

Regulations

b.

Specia requirements, unique or novel design aspects

C.

Compliance checklist

4. Methods of compliance

5. System safety assessment

6. Operational considerations
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. Caertification documentation

. Certification schedule

. Use of designees and identification of individual Designated
Engineering Representative (DER)/Designated Airworthiness
Representative (DAR)
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Issued in Renton, Washington, on September 29, 1999.

/s

Vi L. Lipski, Acting Manager
Transport Airplane Directorate
Aircraft Certification Service
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